Background: many chronic conditions have their roots in modifiable health-related behaviours. Methods: a total of 4,286 women aged 60-79 in the British Women's Heart and Health Study are followed up for incident cardiovascular disease (CVD), arthritis and locomotor disability over 7 years. Self-reported smoking, alcohol consumption, exercise and fruit intake at baseline is also available. Associations between these and each outcome, plus a composite outcome, are investigated in those without prevalent disease at baseline using logistic regression with multiple imputation. Results: ex-smokers and current smokers showed increased odds of locomotor disability, CVD and the combined outcome. Less regular exercisers had increased odds of all outcomes, particularly locomotor disability. There was no evidence that alcohol or fruit intake was associated with any outcome. Population attributable fractions (PAFs) suggest in addition to the influence of smoking and alcohol, exercise accounts for 9% of incident locomotor disability, 5% of CVD and 4% of arthritis. All four lifestyle factors combined account for 17% of incident locomotor disability and 9% of incident conditions combined. Conclusions: never smokers and regular exercisers had substantially reduced odds of 7-year disability onset. Low PAFs suggest changes in health-related behaviours in older women would result in only modest reductions in common chronic conditions.
Introduction
Improvements in life expectancy worldwide have been attributed to socio-economic development, better public health infrastructure and improvements in maternal and child health services. Three decades ago concerns were raised about the possible consequences of improved life expectancy: increases in the old age population, morbidity and disability. This in turn raised the question of whether increased life expectancy was resulting in healthier populations; the compression of morbidity. Consequently, there has been increasing interest in 'disability-free life expectancy' and in identifying the potentially modifiable predictors of this. From an individual perspective, common chronic conditions-cardiovascular disease (CVD), osteoarthritis and locomotor disability-result in reduced quality of life; from a societal perspective, their increase has placed a growing burden on healthcare systems. Many chronic conditions have their roots in modifiable health-related behaviours that can be targeted by public health measures, including diet, smoking, physical activity and alcohol consumption. The potential for such measures to improve disability-free life expectancy requires an understanding of the associations of health-related behaviours with chronic conditions and the distribution of these behaviours in relevant population groups.
Previous work has demonstrated the importance of health-related behaviours in survival free of CVD, stroke and diabetes among men [1] . Moreover, a role of health-related behaviours in determining locomotor disability has also been found in elderly populations [2] [3] [4] and the impact of physical activity emphasised in some studies [5] [6] [7] [8] [9] [10] [11] . Strong associations have also been reported between socio-economic position and common chronic conditions which appear to be independent of health-related behaviours [12] , although many studies of risk factors for disability do not account for socio-economic position.
Many studies of disability focus on measures of physical functioning, but do not consider the additional morbidity arising from CVD events and chronic conditions such as arthritis [5, 8, 10, 11] . Furthermore, little work has been done to quantify the 'overall health benefit' attributable to the lifestyles of older people. Additionally, most studies follow individuals over time [5] [6] [7] [8] [9] [10] [11] , which invariably results in some non-response at later time-point(s). Such analyses often use complete cases only, ignoring missing values in the disability outcome and covariables. In this work, a composite endpoint is defined, combining locomotor disability, arthritis and cardiovascular event outcomes. This provides a more meaningful outcome to describe the 'health' of older people than each component individually and incorporates conditions with well-documented association with disability and with high population impact [2, 3, 13] . Analysis is focused on the impact of modifiable life-style factors: smoking, alcohol consumption, exercise and fruit intake, with adjustment for socioeconomic position. Of relevance to public health, the potential benefit of lifestyle improvement is summarised through population attributable fractions (PAFs) for each health behaviour (and all combined). Multiple imputation is used to address missingness in the observed data.
Methods
The British Women's Heart and Health Study is an ongoing survey of women in 23 towns across the UK [14] . Briefly, women aged 60-79 were invited through their general practitioner (GP) to take part in the baseline questionnaire and medical examination between April 1999 and March 2001. A total of 4,286/7,173 women (60% of those invited and eligible) participated at baseline, with 2,685 (71% of those alive at 7-year follow-up) of these responding to a 7-year followup survey in 2007.
Outcomes
Four outcomes are considered: locomotor disability, arthritis, CVD and a composite endpoint combining all of these. Baseline data were used to determine prevalent event status, and responses from the 7-year follow-up questionnaire to determine incident event status. Each questionnaire included questions regarding ability to perform activities of daily living and falls. Locomotor disability is defined here as at least one of: (i) difficulty going up or down stairs; (ii) difficulty bending down; (iii) difficulty straightening up; (iv) difficulty keeping balance; (v) difficulty going out of the house; (vi) difficulty walking 400 yards; (vii) three or more falls in the last 12 months. This definition has been used in previous studies [3, 13] and is designed to incorporate a measure of 'activity limitation' to reflect the broad view of disability described by WHO [15] . Arthritis is identified from the response to 'Have you ever been told by a doctor that you have arthritis?' on the questionnaire. CVD events here include angina, unstable angina, myocardial infarction and stroke, as informed by either the questionnaire or review of GP notes carried out alongside the survey [16] . In the analysis of observed data, the composite endpoint requires that all components are non-missing and negative, or at least one component event is known to have occurred (for a positive outcome; other components may be missing).
Risk factors
In addition to age, baseline data on potential risk factors were collected. Smoking status, alcohol intake [never, socially (weekend only/once or twice a month/special occasions combined), or most days], limited fruit intake (both winter and summer fruit intake reported as less than once a week/ never), and regularity of exercise [3+ times per week/one to two times per week/irregular exercise (<1 time per week)/ never] were obtained from questionnaire responses. The body mass index (BMI) was calculated from measurements taken at the medical examination. Life-course socioeconomic status (SES) was calculated as a score (ranging from 0 to 10) derived from responses to 10 questions relating to SES in both childhood and adulthood, with a higher score representing greater deprivation [12] . Responses given as 'don't know' to the individual components of the score are here treated as missing, and scores of 9/10 are combined.
Statistical methods
The influence of risk factors on disability was assessed using multivariable logistic regression comparing those with and without each event of interest. Analyses of observed data were restricted to a subset for whom all covariables were non-missing. Analyses were also performed using imputed data, to address missingness in both outcome and covariable data. Ten multiple imputed data sets were obtained using chained equations incorporating all covariables together with prevalent and incident event indicators. Imputations were restricted to baseline responders alive at 7-year follow-up. Binary variables (including outcomes, fruit intake) were modelled using logistic regression, continuous variables (age, BMI) using linear regression, and categorical variables with >2 categories (exercise, smoking, alcohol consumption) using multinomial logistic regression. SES was included in the imputation model as its 10 (binary response) constituent parts. Similarly, the composite outcome was recalculated from the three component events after imputation.
PAFs were calculated as follows:
PAF ¼ ðno: observed events À no: expected eventsÞ no: observed events ;
where expected events were estimated from a model where all individuals have regular fruit intake/are never smokers/ are social drinkers/exercise 3+ times per week. PAFs for imputed data were calculated by application of Rubin's rules (using the mim command in Stata version 11). Standard errors were computed using an asymptotic variance formula [17] and applied on the log(1-PAF) scale to obtain confidence intervals. All analyses are restricted to individuals alive at 7-year follow-up and without the corresponding event at baseline. This latter requirement means that analyses of the different outcomes use different numbers of individuals. Analyses of observed data exclude non-responders at follow-up and those with some missing responses at baseline; analyses of imputed data include these individuals with their imputed responses.
Results
Supplementary data are available in Age and Ageing online, Appendix Table AS1 and Table 1 summarise the baseline characteristics and events, respectively. Supplementary data are available in Age and Ageing online Appendix Figure AS1 show progression through the study.
Results from fully adjusted logistic regression analysis of each outcome using the imputed and observed data are shown in Table 2 and Supplementary data are available in Age and Ageing online, Appendix Table AS2, respectively. As the imputed results did not change the interpretation substantially compared with analysis based on only the observed (non-missing) data, imputed results will be discussed throughout. As expected, increasing age and BMI resulted in increasing odds of all outcomes (although the effects of age on arthritis and BMI on CVD were considerably less than for the other events; see Table 2 ). Higher SES had only a modest impact on each of the outcomes when adjusted only for age (see Supplementary data are available in Age and Ageing online, Appendix Table AS3 ); this was attenuated towards the null after adjusting for all other covariables and accounting for missing data (Table 2) .
In addition to age, BMI and SES, the influence of four life-style factors on the events of interest was investigated. There was no evidence that fruit intake was associated with any of the outcomes (after imputation of missing data), before (Supplementary data are available in Age and Ageing online, Appendix Table AS3) or after ( Table 2 ) adjustment for other covariables. Similarly, there was no evidence that alcohol consumption was associated with locomotor disability (P = 0.7), arthritis (P = 1.0), CVD (P = 0.5) or the combined outcome (P = 0.7) after adjustment. Both current and ex-smokers showed increased odds of all events, with strong evidence for the effect of smoking on locomotor disability (P = 0.02), CVD (P < 0.0005) and the combined outcome (P = 0.02) (but not arthritis, P = 0.2) after adjustment. Decreasing regularity of exercise was associated with increased odds of all outcomes, with effect sizes increased after adjustment for all other covariables (Table 2 , Supplementary data are available in Age and Ageing online, Appendix Table AS3 ). The association was particularly strong for locomotor disability (P = 0.002), although estimates for the other outcomes showed a similar direction of effect (P = 0.2 for arthritis, P = 0.6 for CVD, P = 0.2 for the combined outcome).
The PAFs (Table 3) suggest that while a substantial part of the population incidence of these outcomes can be attributed to smoking status, regularity of exercise also has a key role. It is estimated that together, fruit intake, smoking, alcohol intake and exercise account for 9% of the population incidence in the combined outcome of locomotor disability, arthritis and CVD, for those without any of these conditions at baseline.
Discussion
The influence of four modifiable life-style choices on locomotor disability, arthritis and CVD was investigated. As expected, smoking status at baseline was an important predictor of future conditions, although this was most pronounced for CVD. There was little difference between current and ex-smokers in terms of future locomotor disability, although this difference was greater for CVD and arthritis. Baseline exercise also showed a strong association with future disability, with those exercising less than once per week having a 2-fold increase in odds of future locomotor disability compared with those exercising at least three times per week. This association with exercise was primarily observed for locomotor disability, and to a lesser extent for arthritis, with these two components driving the effect seen for the combined outcome.
There is no evidence from this study of a relationship between baseline alcohol consumption or fruit intake and the disability outcomes. Investigation of the effect of fruit intake was somewhat hampered by the small number who had low intake. In line with results from other studies [18] , CVD was slightly lower in those reporting some alcohol consumption compared with those reporting never consuming alcohol.
The identification of a relationship between physical activity and disability outcomes is supported by results from other studies [5] [6] [7] [8] [9] [10] [11] . However, the measures of exercise used in these studies vary widely, ranging from simple frequency or duration responses to more complex indices accounting for exercise intensity. Disability or functionality is commonly assessed using measures of activities of daily living and/or instrumental activities of daily living, again using a variety of standard and non-standard scales. In contrast, the measure used here reflects a broader definition of locomotor disability, including individuals with frequent falls. Use of this measure necessarily limits direct comparisons with other studies. Disparities in both the outcome and predictor variables, and the relative timing of their measurement, may help explain the continued uncertainty regarding the impact of physical activity on disability outcomes [19] . Further differences may arise as a result of lack of adjustment for covariables such as SES and handling of missing data in analysis. a Number of individuals analysed is given by number without prevalent disease (i.e. number without baseline locomotor disability, without baseline arthritis, without baseline CVD and without any of these at baseline, respectively, for the four columns). b Mean of 10 imputations; number differs in each imputation as missing values of prevalent condition are also imputed. Prevalent CVD is non-missing for all individuals, so all imputations contain the same number of observations for analysis. Imputations (and analysis) are restricted to individuals alive at 7-year follow-up. Although imputation did not substantially alter interpretation here, the impact of imputation will vary between studies depending on the extent and mechanism of missingness. The PAFs indicate that low physical activity accounts for 9% of incident locomotor disability, 5% of incident CVD and 4% of incident arthritis. As expected, smoking also accounts for a large proportion of these events, although this is highest for CVD (18%). Alcohol intake is estimated to account for 1-3% of incident events for each of the outcomes. Fruit intake had a minimal impact on all of the outcomes. The findings for CVD are generally consistent with those in other studies [20] [21] [22] [23] ; the slightly lower values here may reflect differences in definitions and/or handling of missing data. In this study, the combination of fruit intake, smoking, exercise and alcohol accounted for 17% of incident locomotor disability, and 9% of all incident events combined. These PAFs are low in comparison with studies examining clinical risk factors for CVD (hypertension, diabetes, blood cholesterol) in addition to smoking; up to 90% of incident disease was explained by these risk factors [24] . However, our findings are in line with PAF estimates of the effects of physical inactivity on disability burdens in the UK [25] .
This work utilised data from a large cohort study of older women with prospective follow-up for the disability outcomes considered here. Baseline information provided details of modifiable lifestyle risk factors and enabled calculation of a credible measure of SES. However, risk factor data obtained through questionnaire may be subject to reporting bias, and is necessarily limited to simplified measures of lifestyle choices such as exercise. Self-reported measures of exercise may also be subject to misclassification, although the use of prospective outcome data goes some way to addressing concerns of differential misclassification by disability status or reverse causality. Furthermore, BMI, smoking, exercise, alcohol and fruit intake at baseline may not reflect past behaviours. Additional factors relating to healthy living, such as other diet-related measures are also not considered here. Although the impact of missing covariables and outcomes has been explored through multiple imputation, nonresponse at baseline cannot be similarly addressed. Thus 40% of those invited to participate who did not respond at baseline are excluded from this study; these non-responders are also likely to represent a less healthy subset of the general population [14] . This study is further restricted to those alive at 7-year follow-up, thus excluding (unknown) disability events occurring in those not surviving to this time-point. There are also limitations in using binary outcomes over a 7-year period (necessary because date of disability onset was unknown) and the use of self-reported indicators of locomotor disability and arthritis. Finally, the nature of this cohort inevitably restricts conclusions to women.
To summarise, known lifestyle risk factors for CVD are also shown to be associated with incident locomotor disability and a combined outcome incorporating locomotor disability, CVD events and arthritis. While increased fruit intake had limited influence on these outcomes, never smokers and those engaging in more regular exercise had substantially reduced odds of disability onset over a seven year follow-up period. The combination of fruit intake, smoking, exercise and alcohol consumption accounted for 17% of incident locomotor disability and 9% of all events combined. This suggests that changes in health-related behaviours in older women would result in only modest reductions in common chronic conditions.
Key points
• Never smokers and regular exercisers had substantially reduced odds of 7-year disability onset.
• Exercise accounts for 9% of incident locomotor disability, 5% of CVD and 4% of arthritis.
• Smoking, exercise, alcohol and fruit/veg intake account for 17% of incident locomotor disability, 9% of combined disability.
